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B Abstract ®

Back ground: Almost all cardiac regeneration therapy has been reported in adults. There are few reports that focused on transcoronary
infusion of cardiac progenitor cell using stop flow technique for children.

Methods: Intracoronary autologous cardiosphere-derived cells (CDCs) transfer was conducted at Okayama University as a phase 1
clinical trial for 7 patients with hypoplastic left heart syndrome between January 2011 and December 2012, and as a phase 2 clinical trial
for 34 patients with single ventricle physiology between July 2013 and March 2015. We analyzed the feasibility and safety of transcoro-
nary infusion of CDCs using stop flow technique for children.

Result: A total of 41 patients with single ventricle physiology underwent transcoronary infusion of CDCs using stop flow technique. The
median age was 33 months (range 5—-70 months) and median weight was 10.1kg (range 4.1-16.0kg). Transient adverse events occurred
during the procedure, including ST-segment elevation or depression, hypotension, bradycardia and coronary artery spasm. All cases
completely recovered. There were no major procedure-related adverse events. In this study, transcoronary infusion of CDCs using stop
flow technique was successfully completed in all patients.

Conclusion: Transcoronary infusion of CDCs using stop flow technique for children is feasible and safe.
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Fig. 1

Patient enrolled in the transcoronary infusion of CDCs (3 years old, HLHS, post Fontan operation)

A: A-P view of native aorta angiography using 5 French size guiding catheter. Stop flow technique was shown using 2.8F temporary occlusion

balloon at LAD (B), RCA (C), and LCX (D).

HLHS: hypoplastic left heart syndrome, RCA: right coronary artery, LCX: Left circumflex artery, LAD: Left anterior descending artery, CDC:

cardio-sphere derived cell.
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Fig. 2 Coronary artery spasm (2 years old, polysplenia/SRV, post Fontan operation)

After balloon deflation, coronary angiography performed routinely. We noticed RCA spasm (A) that successfully recovered by intra-coronary

infusion of 0.5 ug/kg nitroglycerin (B).
SRV: single right ventricle, RCA: right coronary artery.
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Table 1 Baseline characteristics.
Characteristics n=41

Male sex 21 (51%)
Body weight (kg) 10.1x3.0
Age (m) 33+17
Status

post Glenn 10 (24%)

post Fontan 31 (76%)
Diagnosis

HLHS & variant HLHS 22 (54%)

Asplenia/SV/CAVV 7 (17%)

TA 2(4.9%)

Polysplenia/SV 2 (4.9%)

DORV/hypo LV 2 (4.9%)

SLV 2 (4.9%)

Others 4(9.8%)

Data are expressed as number (%) or mean=SD.

HLHS: hypoplastic left heart syndrome, SV: single ventricle, CAVV:
common atrio ventricular valve, TA: tricuspid atresia, DORV: double
outlet right ventricle, SLV: single left ventricle, BNP: brain natriuretic

peptide.
Table 2 Adverse events.
Event n (%) Treatment
ST change 39 (95) Observation
Decreased blood pressure 18 (44) Balloon deflate
>15mmHg
Bradycardia >20bpm 5(12) Balloon deflate
Coronary spasm 8(20)  NTG additional infusion
Acute myocardial infarction 0(0)
Ventricular fibrillation 0(0)

Data are expressed as number (%).
NTG: nitroglycerin
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Fig. 3 HLHS and single coronary artery
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A: HLHS, B: ¢-TGA, MS, PA, single coronary artery. It is not necessary to change the shape of guiding catheter to place KUDOS in right and

left coronary arteries.

HLHS: hypoplastic left heart syndrome, c-TGA: corrected transposition of the great arteries, MS: mitral stenosis, PA: pulmonary atresia.

Fig. 4 Large aorta (4 years old, SRV/PA, post Fontan operation)

A-P view of aortography (A) shows that RCA was far away from LCA. After having infusion at RCA (B), we had to change the shape of guid-

ing catheter to engage LCA(C).

SRV: single right ventricle, PA: pulmonary atresia, RCA: right coronary artery, LCA: left coronary artery.
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Fig. 5 Post DKS operation (4 years old, Polysplenia/ Dextrocardia/ hypoRV, post Fontan and DKS operation)

Lateral view of left ventriculography (A) showed anterior pulmonary trunk, posterior native aorta, and coronary artery running between the

great arteries and we had to manually shape guiding catheter like a Shepherd Hook catheter (B)(C).

DKS: Damus—Kaye—Stansel, RV: right ventricle, Ao: aorta.

4) RENR

BRI OSSR & UCH L MRBR T, T oIy L
T\ 2% X 9741 o HLHS 3% @ RVEF 25 MRIIC CT46.9+
46705 54.0+2.8% ICHRICEGE L, 3D LT HERY
sn?, E BRI BT TS 2.

z =

DRI S 02 B g R 2R,
Lo 11 e S E 1 R 5 B
72 ELIZH Y, BIHE T 5,000 51 DL _E o R R A
EHH R T b T VY 27, 2004412 Messina 5 1, &
DL - DEME o BaE R E TR e AR A D 2y
BEWC R L, cardiosphere & %-31F 72 ¥, 2007 412 Smith &
IO R D & RS AR 22 Ay 2 Ol 2 75 3 %
HiEZMESL L, %46 ¥l % Cardiosphere Derived Cells
(CDCs) L4077, Z0HOMETE F D CDCs 134
DRICHSHEEL, AKX D/ANROLBNIZEZ W &, /I

B CDCs IFR AL L TFER I EwZ &, 7/ —X
D& DHERMEDERDO/NED» S SEE L Tol - 55#E T
L ErHEIN, ZORICHHEGEI T
2% Ha ik NS RMAE AT 3 CDCs IS H LARER
WA L7 & 25, FMilICEIL 7246 0EMB> 5, fif
BATAER H 11X 3x10° fE/kg ML D CDCs % L L T
RS A2 EDAEETH o 7.

MR D R, &R S, DO FEA, B
J N REIIREA, FEERBINREAZ EDFIENS 5 03,
FoM S L X3 AFM 2 2 72182 0 /NI R
L, @iz Bid 2 2 & I3MrENIRE L, R
)L — VBB T DA ADSERITH - 72 L DRSS
LbARENZ DY Ba ZBEINR SV — > AT L
AR A % PR L 72,

FE A R AU 72 v i ek B R B IR A 0 7 > 47 4L

Pk & U CBRINM L AR O AN BEZ NR E L7
SPICIO# &'” & CADUCEUS#t " #8% 3. SPICIO#
B T 1% c-kit B @ cardiac stem cell 2, CADUCEUS illi# <
13 CDCs & vy, BHFEDREA & 72 - 7 iz 2 i3
FEISFENSL—VEELEAT S E W) DT, i
F X LVEF8.2% D35 %, %7 TIXLVEF DUGHIZFED &
o LI oM DR D 5, EB 5 HEAIT
TTELERE LTS, ZnNoDWEHEFF—7 v b EL
T 2RI BRI TH 5 7, IR Wb
%ﬁﬂ%?F"i’C HMITEIENDEZEDNZ D> o 7= DTl & #EHl X
5. —7, BADIEHITIEAKILL TRk vk, B
%%“ﬂi?&: CHEHEMICEN X T AL IEEE Y — 7y
FELTWAED, WENR SV — v B8 X 2 kIl
DIMATENEENDFEBIIHARN R E g LT RE D> 721]
BEMED D 2. WEIR SV — > PHEHIC PR ) BB 2 8 L
T, Bz x s AHRBR DU T1SmmHg DL B o I FEAR T
20bpm Bl EDIRIAE T % B0 2B AICIFBEAT L=
PHSHZ R4 2 2 &) LHHERZTY, ZN2HEE T L
TRENMfTTEL I LIZEETH 3,

AN EEEISR T B BRSOV — o BHEH T /O A R A e
ADHE E LT Limusuwan'? 5 (3 8 5D D BZER D 4
kL, HOEBEEE 2 SR NICEBREAL TWw 3
R EIRIC ¥ & L 72 Over-the-wire @ 2.5X 12 mm 7 B g 2N
JV— v & 2atm R ISR o 7 REET 3 MRER L, i
ZW S, AEF20mL oMz 451 THEAL K E
Z %, MRIDLVEF2331.47> 5 479% (cezE L, fifEfbo
HFEDY50 2 5 41% (A U, DISFAE % Dk L 72 L bR
Tw3, Rupp™ 51240 HD 5 16/%D 9Bl D/ (CHD3
5, DCM6MI) 12xf L [E U < Over-the-wire D 7t Bf i 35 &
F NV — > (widths 1.5~2.5mm, lengths 8~20mm) % [~
2atm THAR S €37 G, BAhlsEl g 2 #5519 12 w8
WREAL 72, PO STZALIZIR D 72032l h v K=~



Journal of JPIC

T ERT 2 2 &Rl ERlcifrTs, 38D,
LENIFEE U 72238, SHlG OB ED24% 2> 5 41% 128
#L, NYHAR N PBNPE T 2B WG L T3
Rupp & DR EH/NAFITDMERS DWMEHITH % 53,
Fez 134181 /NBHN N U CREBIIR SV — > BHEH T D
il A Z o 7.

Sl DO 4 DEEHZ BT B D E B 200 B %E
Lo HEELAIER (A TR TH 72 v )
2 I/NRIC B 2 R EIR S L — o BB T D A
DEEWE LD FEAETE L lbn D,

— )3T 7% & M 7 i) 95 T 13 Suzuki & D3RI %
JEWT L 722> Global infusion Td, #3512 CDCs D&% 15
EERNRIEENR L — VB S e B Y L
T3, ZOHENERIIC SN Z 4, CDCs DE DY
25 ) AERES kT E L, EEIR L —
EHSE 2 B S 2 fERRED 72 < 72 2 TREME D HifF T & 2.

TN 72 B D & o4 LR ENIR & K AE B 1% o fig il 27
HITERED> 53,88 — 12538 L, V> native aorta P single
coronary artery 234 5 L5 5 1 D8 — U DRI A 5 LTz
73, ZAUZH 1 BRI HLHS D AR RIEE TH - 7=
Zl, BXUOHE22MHRBEZ SO TOHLHS S CThH % L
W SRIOMIENROBBICE 26D EEZ SN, Bib
L 7z & 9 12 guiding catheter DFEIRPLIZHRIC & 72 b BAAE LI
ST R E BT OEFCT 23 EICREL T b, Sl
DRGHEGITIZFT > TV R0As, AR R R R FER T
DWE 82 T 3 3D rotation angiography fii F D 154
LSBOBEEEZ T D,

#

b=

NYE D BERE Y HLL FhE 41 11250 L TR BIIR-S v — > B
SN OAEAIIEEA 2T o 72, PEPICOEMNZL, I
&, MREUET, EBIIREFE IR Db DD, wind—
WBYECRIEL, HELAGIHMEREOT, 2 TFEz 8%
TE 7, BRIV — > PHE T DA A AR B
DEIEZHT 2/NRICBCTHLRICHTARETSH 5.

ARNE X 27 |8l H K Pediatric Intervention Cardiology “7fifi 45 2%
T20164F 1 H 29 HICHEL /2.

51 B XXk

1) Ishigami S, Ohtsuki S, Tarui S, et al: Intracoronary autologous car-
diac progenitor cell transfer in patients with hypoplastic left heart
syndrome: The TICAP prospective phase 1 controlled trial. Circ
Res 2015; 116: 653-664

2)

3)

4

5)

6)

7)

8)

9)

10)

1)

12)

13)

14)

15)

Vol. 1, No. 1 (2016)

Tarui S, Ishigami S, Ousaka D, et al: Transcoronary infusion of
cardiac progenitor cells in hypoplastic left heart syndrome: Three-
year follow-up of the Transcoronary Infusion of Cardiac Progenitor
Cells in Patients With Single-Ventricle Physiology (TICAP) trial. J
Cardiovasc Surg (Torino) 2015; 150: 1198-1208, 1208.e1-1208.e2
Wehman B, Kaushal S: The emergence of stem cell therapy for pa-
tients with congenital heart disease. Circ Res 2015; 116: 566569
Jeevanantham V, Butler M, Saad A, et al: Adult bone marrow cell
therapy improves survival and induces long-term improvement
in cardiac parameters: A systematic review and meta-analysis.
Circulation 2012; 126: 551-568

de Jong R, Houtgraaf JH, Samiei S, et al: Intracoronary stem cell
infusion after acute myocardial infarction: A meta-analysis and up-
date on clinical trials. Circ Cardiovasc Interv 2014; 7: 156-167
Messina E, De Angelis L, Frati G, et al: Isolation and expansion
of adult cardiac stem cells from human and murine heart. Circ Res
2004; 95: 911-921

Smith RR, Barile L, Cho HC, et al: Regenerative potential of
cardiosphere-derived cells expanded from percutaneous endomyo-
cardial biopsy specimens. Circulation 2007; 115: 896-908

Tateishi K, Ashihara E, Honsho S, et al: Human cardiac stem cells
exhibit mesenchymal features and are maintained through Akt/
GSK-3beta signaling. Biochem Biophys Res Commun 2007; 352:
635-641

Mishra R, Vijayan K, Colletti EJ, et al: Characterization and func-
tionality of cardiac progenitor cells in congenital heart patients.
Circulation 2011; 123: 364-373

Bolli R, Chugh AR, D’Amario D, et al: Cardiac stem cells in pa-
tients with ischaemic cardiomyopathy (SCIPIO): Initial results of a
randomised phase 1 trial. Lancet 2011; 378: 1847-1857

Makkar RR, Smith RR, Cheng K, et al: Intracoronary cardiosphere-
derived cells for heart regeneration after myocardial infarction
(CADUCEUS): A prospective, randomised phase 1 trial. Lancet
2012; 379: 895-904

Limsuwan A, Pienvichit P, Limpijankit T, et al: Transcoronary
bone marrow-derived progenitor cells in a child with myocardial
infarction: First pediatric experience. Clin Cardiol 2010; 33: E7—
El12

Rupp S, Jux C, Bonig H, et al: Intracoronary bone marrow cell
application for terminal heart failure in children. Cardiol Young
2012;22: 558-563

Suzuki G, Weil BR, Leiker MM, et al: Global intracoronary infu-
sion of allogeneic cardiosphere-derived cells improves ventricular
function and stimulates endogenous myocyte regeneration through-
out the heart in swine with hibernating myocardium. PLoS ONE
2014;9: 113009

Berman DP, Kahn DM, Gutierrez Y, et al: The use of three-dimen-
sional rotational angiography to assess the pulmonary circulation
following cavopulmonary connection in patients with single ven-
tricle. Catheter Cardiovasc Interv 2012; 80: 922-930


http://dx.doi.org/10.1161/CIRCRESAHA.116.304671
http://dx.doi.org/10.1161/CIRCRESAHA.116.304671
http://dx.doi.org/10.1161/CIRCRESAHA.116.304671
http://dx.doi.org/10.1161/CIRCRESAHA.116.304671
http://dx.doi.org/10.1016/j.jtcvs.2015.06.076
http://dx.doi.org/10.1016/j.jtcvs.2015.06.076
http://dx.doi.org/10.1016/j.jtcvs.2015.06.076
http://dx.doi.org/10.1016/j.jtcvs.2015.06.076
http://dx.doi.org/10.1016/j.jtcvs.2015.06.076
http://dx.doi.org/10.1161/CIRCRESAHA.115.305821
http://dx.doi.org/10.1161/CIRCRESAHA.115.305821
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.086074
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.086074
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.086074
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.086074
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.113.001009
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.113.001009
http://dx.doi.org/10.1161/CIRCINTERVENTIONS.113.001009
http://dx.doi.org/10.1161/01.RES.0000147315.71699.51
http://dx.doi.org/10.1161/01.RES.0000147315.71699.51
http://dx.doi.org/10.1161/01.RES.0000147315.71699.51
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.655209
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.655209
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.655209
http://dx.doi.org/10.1016/j.bbrc.2006.11.096
http://dx.doi.org/10.1016/j.bbrc.2006.11.096
http://dx.doi.org/10.1016/j.bbrc.2006.11.096
http://dx.doi.org/10.1016/j.bbrc.2006.11.096
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.971622
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.971622
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.971622
http://dx.doi.org/10.1016/S0140-6736(11)61590-0
http://dx.doi.org/10.1016/S0140-6736(11)61590-0
http://dx.doi.org/10.1016/S0140-6736(11)61590-0
http://dx.doi.org/10.1016/S0140-6736(12)60195-0
http://dx.doi.org/10.1016/S0140-6736(12)60195-0
http://dx.doi.org/10.1016/S0140-6736(12)60195-0
http://dx.doi.org/10.1016/S0140-6736(12)60195-0
http://dx.doi.org/10.1002/clc.20463
http://dx.doi.org/10.1002/clc.20463
http://dx.doi.org/10.1002/clc.20463
http://dx.doi.org/10.1002/clc.20463
http://dx.doi.org/10.1017/S1047951112000066
http://dx.doi.org/10.1017/S1047951112000066
http://dx.doi.org/10.1017/S1047951112000066
http://dx.doi.org/10.1371/journal.pone.0113009
http://dx.doi.org/10.1371/journal.pone.0113009
http://dx.doi.org/10.1371/journal.pone.0113009
http://dx.doi.org/10.1371/journal.pone.0113009
http://dx.doi.org/10.1371/journal.pone.0113009
http://dx.doi.org/10.1002/ccd.23461
http://dx.doi.org/10.1002/ccd.23461
http://dx.doi.org/10.1002/ccd.23461
http://dx.doi.org/10.1002/ccd.23461

